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FOREIGN DEVELOPMENTS I N  COAL GASIFICATION 
by Harry P e r r y  

D i r e c t o r  of Coal Research,  Bureau of Mines 
U. S .  Department of t h e  I n t e r i o r  

INTRODUCTION 

The manufacture of  e i t h e r  producer ,  s y n t h e s i s ,  o r  h i g h e r  h e a t i n g  v a l u e  gases  
from c o a l  cont inues  t o  a t t r a c t  worldwide a t t e n t i o n  even though l a r g e  new r e s e r v e s  
of n a t u r a l  gas  have been d i scove red  and p roduc t ion  of gas  from 011 r a t h e r  
than  c o a l  appears  t o  be more economic i n  many c o u n t r i e s  a t  p r e s e n t .  Because 
proved r e s e r v e s  of c o a l  a r e  much l a r g e r  than  t h o s e  o f  o i l  and gas, c o a l  i s  
expected ul t imatel-y t o  be t h e  raw m a t e r i a l  used t o  supplement t h e s e  more convenient  
energy forms. The t iming ,  however, w i l l  depend on how r a p i d l y  new r e s e r v e s  of 
o i l  and gas  a r e  d i s c o v e r e d ,  t h e i r  p r i c e ,  and a l s o  on t h e  success  of r e s e a r c h  
and development e f f o r t s  on c o a l  conve r s ion  p r o c e s s e s .  

Many f a c t o r s  i n f l u e n c e  t h e  degree  of i n t e r e s t  i n  g a s i f i c a t i o n  r e s e a r c h .  
For example, a review of t h e  S o v i e t  l i t e r a t u r e  shows a sharp  d e c l i n e  i n  r e s e a r c h  
on c o a l  g a s i f i c a t i o n  s t a r t i n g  about  1959 and i n d i c a t e s  t h e  s h i f t  i n  emphasis 
t o  o t h e r  f u e l s .  In many c o u n t r i e s ,  t h e  r e d u c t i o n  i n  t h e  number of miners  
employed a s  a r e s u l t  of a d e c l i n e  i n  t o t a l  c o a l  p roduc t ion  o r  because of g r e a t e r  
p r o d u c t i v i t y  per  man h a s  caused s e r i o u s  economic d i s l o c a t i o n s  and s o c i a l  problems. 
For  t h i s  reason  and because of a d e s i r e  t o  use indigenous r e s o u r c e s  r a t h e r  than  
impor ts ,  t h e r e  i s  s t i l l  a good d e a l  of i n t e r e s t  i n  t h e  development of new 
p r o c e s s e s  f o r  economically c o n v e r t i n g  c o a l  t o  e i t h e r  o i l  o r  gas .  E i t h e r  of t h e s e  
p o t e n t i a l  o u t l e t s  promises l a r g e  new markets  f o r  c o a l .  

Conversion processes  t h a t  make gas  from c o a l  can be c l a s s i f i e d  b e s t  by t h e  
t y p e  of gas  t h a t  i s  produced. Producer  g a s ,  enr iched  producer  g a s ,  w a t e r  g a s ,  
enr iched  water  gas ,  s y n t h e s i s  g a s ,  and s y n t h e t i c  methane a r e  t h e  major t y p e s  
of products  t h a t  a r e  u s u a l l y  made. 
o r  superatmospheric  p r e s s u r e s .  Coal ,  coke,  and char  can be g a s i f i e d  i n  f i x e d  
beds i n  f l u i d i z e d  beds, and by en t r a inmen t  

Processes  are opera ted  a t  e i t h e r  a tmosphe r i c  

I n  t h e  U.S. a f t e r  World War 11, i n t e r e s t  i n  g a s i f i c a t i o n  was c e n t e r e d  
upon t h e  product ion  of s y n t h e s i s  gas  f o r  subsequent  u s e  i n  t h e  manufacture  of 
e i t h e r  l i q u i d  o r  gaseous f u e l s .  
a t  e l e v a t e d  p r e s s u r e s ,  s i g n i f i c a n t  s a v i n g s  a r e  p o s s i b l e  i f  p r e s s u r e  g a s i f i c a t i o n  
is  used.  Moreover, because t h e  manufactured products  would be needed f i r s t  i n  
t h e  dense ly  populated e a s t e r n  p o r t i o n  of  t h e  U.S., processes  were sought  t h a t  
could use  t h e  s t r o n g l y  cok ing  c o a l s  t h a t  a r e  found i n  t h e  e a s t .  

S ince  most s y n t h e t i c  f u e l  processes  use  gas  

I n t e r e s t  i n  producer  gas  and water  gas  d e c l i n e d  r a p i d l y  as n a t u r a l  gas  
became a v a i l a b l e  i n  those  markets  a t  r e l a t i v e l y  low c o s t .  
have cont inued to r i s e  s t e a d i l y  d u r i n g  t h e  p a s t  15 y e a r s ,  t h e r e  h a s  been a 
r e v i v a l  of i n t e r e s t  i n  t h e  manufac tu re  of a c l e a n  hot  producer  gas  from c o a l  f o r  
i n d u s t r i a l  u s e .  
w i t h  methane made from c o a l  a p p e a r s  t o  be most promising.  

However, as gas  p r i c e s  

I n  t h e  more d i s t a n t  f u t u r e ,  supplementing n a t u r a l  gas  r e s e r v e s  

I n  most f o r e i g n  c o u n t r i e s  gas  of  lower h e a t i n g  v a l u e  than  methane i s  
d i s t r i b u t e d ,  and processes  making such g a s e s  have been e x t e n s i v e l y  i n v e s t i g a t e d .  
Lurg i  g e n e r a t o r s ,  which o p e r a t e  a t  h igh  p r e s s u r e  and produce a c o n s i d e r a b l e  
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percentage  of methane i n  t h e  s y n t h e s i s  g a s ,  a r e  p a r t i c u l a r l y  w e l l  s u i t e d  f o r  
t h i s  type  of market .  However, i n  many f o r e i g n  c o u n t r i e s  noncoking o r  weakly 
coking  c o a l s ,  which t h e  L u r g i  g c n e r a t o r s  r e q u i r e ,  a r e  u s u a l l y  r e a d i l y  a v a i l a b l e .  

GASIFICATION WITH A I R  AND STEAN 

While t h e  U.S. c o a l  i n d u s t r y . h a s  i n d i c a t e d  renewed i n t e r e s t l /  i n  t h e  development 

- 1/ Garvey, James R.  Report  i n  Proceedings  of Nat iona l  Coal Assoc. 4 4 t h  
Anniversary Meeting, Washington, D.C. ,  J u n e  6-8, 1961, pp. 59-68. 

of lower c o s t  p r o c e s s e s  f o r  t h e  manufacture  of producer  g a s  f o r  i n d u s t r i a l  u s e ,  
as y e t  no new r e s e a r c h  h a s  been i n i t i a t e d .  T h i s  same s i t u a t i o n  e x , i s t s  i n  many 
f o r e i g n  c o u n t r i e s .  I n  Germany, t h e  v o r t e x  p toducerz /  developed by Ruhrgas i s  n o t  

- 2 1  N i s t l e r ,  F .  The Ruhrgas Vortex Coal Dust Producer .  Coke and Gas, Vol. 1 9 ,  
No. 213, February 1957, pp. 54-57. 

be ing  o p e r a t e d ,  a l t h o u g h  a similar g a s  g e n e r a t o r  has  been c o n s t r u c t e d  i n  England 
a t  t h e  Manvers Main Coke Works. A t  such i n s t a l l a t i o n s ,  t h e  manufactured producer  
g a s  i s  used t o  h e a t  coke ovens,  t h u s  r e l e a s i n g  t h e  h i g h e r  h e a t i n g  v a l u e  coke-oven 
g a s  f o r  d i s t r i b u t i o n .  

0 

I n  Japan ,  r e s e a r c h  has  been c a r r i e d  o u t  a t  t h e  Tokyo I n s t i t u t e  of  Technology?/ 

- 3/  Kensuki Kawashimo, and Kozo Katayama. Combustion of Coal by G a s i f i c a t i o n .  
B u l l e t i n  Japanese  SOC. of Mech. Eng., Vol. 4, November 1961. 

\ 
on developing  novel  methods of making producer  gas t o  be used f o r  combustion i n  
b o i l e r s ,  gas  t u t b i n e s ,  or i n d u s t r i a l  f u r n a c e s .  I n  e a r l y  exper iments ,  12 n o z z l e s  
were used t o  i n j e c t  two- th i rds  of t h e  a i r  t a n g e n t i a l l y  i n t o  a f ixed-bed  producer .  
The o t h e r  one- th i rd  w a s  in t roduced  beneath t h e  r o t a t i n g  g r a t e  t o  reduce  t h e  carbon 

used t o  manufacture  a s a t i s f a c t o r y  producer  g a s .  
5- c o n t e n t  of t h e  a s h .  These t e s t s  proved t h a t  high-ash low-qual i ty  c o a l s  could be 

I n  more r e c e n t  exper iments ,  t h e  producer  w a s  en larged  from 800 t o  1,350 mm. i n  
d iameter .  I n  J u l y  1963, a r e c t a n g u l a r  producer  1,400 by 2,800 mm. w i t h  a number 
of c y l i n d r i c a l ,  h o r i z o n t a l ,  r o t a t i n g  g r a t e s  was placed i n  o p e r a t i o n  and is  now 
under  t e s t .  

A t  t h e  I n d u s t r i a l  Research I n s t i t u t e  of  Hokkaido,’/ exper iments  have been 

- 41 P r i v a t e  correspondence,  Rinzo Midorikawa, D i r e c t o r  of Ind .  Research ,  I n s t i t u t e  
of Hokkaido. 

i 
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conducted on making producer  gas  from high-ash  c o a l s ,  l i g n i t e ,  and p e a t  i n  a f i x e d  
bed. Coals  w i t h  a s h  c o n t e n t s  as h igh  as  40 p e r c e n t  gave low thermal  e f f i c i e n c i e s ,  
bu t  l i g n i t e s  and p e a t s  w e r e  more e a s i l y  conver ted  and gave a g a s  of h igher  q u a l i t y .  
Gas obtained from t h e  d r a i n a g e  of methane from c o a l  seams and c o n t a i n i n g  up t o  
45 p e r c e n t  of a i r  w a s  conver ted  t o  an oxygen-free gas i n  t h e  p r o d u c e r ,  but t h e  
methane i n  t h e  g a s  w a s  decomposed i n  t h e  p r o c e s s .  . 

Although t h e r e  h a s  been a d e c l i n e  i n  i n t e r e s t  i n  c o a l  g a s i f i c a t i o n  i n  France  
because of t h e  d i s c o v e r y  of l a r g e  d e p o s i t s  of  n a t u r a l  gas ,  work on a f l u i d i z e d - b e d  

. -. 



p r o c e s s  was pursued u n t i l  r e c e n t l y . ? /  Most of  t h e  t e s t s  used e i t h e r  l i g n i t e  o r  

- 51 J e q u i e r ,  L . ,  L .  Longchambon, and G .  Van De P u t t e .  The G a s i f i c a t i o n  of Coal 
F i n e s .  J .  I n s t .  F u e l ,  Vol. 33,  No. 239, December 1960,  p p .  584-591. 

a n t h r a c i t e  a s  f u e l ,  a l t h o u g h  a few tes ts  were made w i t h  bi tuminous c o a l .  Temperatures  
had t o  be c o n t r o l l e d  c l o s e l y  t o  permi t  proper  removal of t h e  a s h ,  b u t  g a s i f i c a t i o n  
of f i n e s  u s i n g  a g a s i f i e r  w i t h  s p e c i a l l y  designed bot tom s e c t i o n s  and c a r e f u l l y  
c o n t r o l l e d  i n j e c t i o n  of g a s e s  made t h i s  p o s s i b l e .  As a r e s u l t  of t h i s  work, i t  was 
concluded t h a t  a l a r g e - s c a l e  p l a n t  could be b u i l t  and o p e r a t e d  s u c c e s s f u l l y .  

In Germany, i n c r e a s e d  c a p a c i t y  of  water  g a s  s e t s  h a s  been a t t a i n e d ,  and gases  
s u i t a b l e  f o r  town gas  d i s t r i b u t i o n  can be produced through o i l  c a r b u r e t i o n  d u r i n g  
t h e  down r u n  per iod .  This development w i l l  pe rmi t  producers  u s i n g  c o a l  and coke 
t o  com%gte e f f e c t i v e l y  i n  some areas w i t h  gas  produced from pe t ro leum products  
a lone . -  

- 61 Domann, Von F r i e d r i c h .  Methods of Gas P r o d u c t i o n  - The E f f e c t  of New Ty.pes 
of  Gas, Repr in ted  from I n t e r n a t i o n a l e  Z e i t s c h r i f t  f u r  Gaswarme ( I n t e r n a h o n a l  
Gas Heat Journa l ,  V o l .  12,  1963, pp. 177-179. 

~ ~ ~ ~ ~~ ~ ~ ~~ 

In a n o t h e r  m o d i f i c a t i o n  o f  t h e  water  g a s  p r o c e s s ,  t h e  g e n e r a t i o n  of  water gas  
from c o a l  r a t h e r  than  coke h a s  been developed i n  o r d e r  t o  be a b l e  t o  u s e  ind igenous  
noncoking c o a l s  and avoid  t h e  u s e  of  more expens ive  c o k e . l l  In t h i s  p r o c e s s ,  t h e  

- 7 1  Domann, Von F r i e d r i c h  and Hubert  Schmi t t .  The Product ion  of C i t y  Gas by Low- 
Temperature  Carboniza t ion  of Coal i n  Tokyo andFre iburg  ( B r e i s g a u ) . ,  R e p r i n t  f rom 
"Erdol und Kohl" Volume 12 ,  1959, p p .  883-90. 

v e s s e l  above t h e  gas  g e n e r a t o r  is  designed so t h a t  t h e r e  i s  s u f f i c i e n t  r e s i d e n c e  time 
f o r  t h e  c o a l  t o  be carbonized  b e f o r e  i t  r e a c h e s  t h e  gas  g e n e r a t o r .  

GASIFICATION WITH OXYGEN-ENRICHED AIR AND STEAM 

S t a r t i n g  i n  t h e  m i d - l 9 5 0 ' s ,  r e s e a r c h  i n  The Nether lands  u s i n g  oxygen-enricnea 
a i r  (50  p e r c e n t  oxygen) i n  f ixed-bed  g a s i f i e r s  showed t h a t  such equipment could 
be o p e r a t e d  u s i n g  coke as t h e  f u e l  and with t h e  removal of a s h  a s  s l a g .  These tes ts  
were cont inued  u n t i l  1960, u s i n g  oxygen c o n c e n t r a t i o n s  as h i g h  a s  90 p e r c e n t  
because  g a s e s  produced i n  t h i s  manner gave g r e a t e r  f l e x i b i l i t y  and were more 
economical ly  a t t r a c t i v e  t h a n  e i t h e r  s t r a i g h t  producer  or water gas .  Work on t h i s  
p r o c e s s  w a s  d i s c o n t i n u e d  w i t h  t h e  r e c e n t  d i s c o v e r y  of l a r g e  r e s e r v e s  of  n a t u r a l  g a s  
i n  The Nether lands .  

The "bottom blown" g a s i f i e r  r e q u i r e s  only  a r e l a t i v e l y  sha l low f u e l  bed because 
of t h e  more uniform d i s t r i b u t i o n  of  t h e  g a s i f y i n g  medium and t h e  bottom f l o w  
c h a r a c t e r i s t i c s  of t h e  f u e l  bed .  
depend on t h e  r a t e  of c a r b o n i z a t i o n  of  t h e  c o a l  under t h e  c o n d i t i o n s  i n  t h e  g a s i f i e r  

over  of  f i n e s  and whether  t h e y  can  be r e c y c l e d ,  and (2)  t h e  c a r b o n i z a t i o n  t i m e  of 
t h e  c o a l  i n  t h e ' g a s i f i e r .  
needed t o  de te rmine  t h e  h e a t  l o s s e s  i n  t h e  water -cooled  g r a t e s  and t h e  r e d u c t i o n  
i n  c o a l  g a s  e f f i c i e n c y  because  of h i g h e r  e x i t  g a s  t e m p e r a t u r e s  i n  t h e  sha l low f u e l  
bed. 

However, t h e  a c t u a l  depth  of bed r e q u i r e d  w i l l  

Experimental  work i s  stil-1 r e q u i r e d  t o  de te rmine  (1) t h e  e x t e n t  of t h e  c a r r y -  

L a r g e - s c a l e  exper imenta l  work under  p r e s s u r e  i s  a l s o  
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Badische A n i l i n  and Soda F a b r i k  of Germany h a s  developed a s l a g g i n g  gas  
producer  o p e r a t i n g  a t  a tmospher ic  p r e s s u r e  t h a t  can produce s y n t h e s i s  g a s ,  
u s i n g  as a f u e l  e i t h e r  coke o r  a mixture  of coke and h y d r o c a r b o n s . g /  

- 10/ Duftschmidt ,  F. and F .  Flnrker t .  

The d e s i g n  

Large-Scale  S lagging  Producers  of Gas f o r  
Chemical Syntheses  (Entwicklung von g r o s s t e c h n i s c h e n  Abs t ichgenera toren  z u r  
Synthesegas-Erzeugung) Chemie-Ing-Tcchn., Vol. 3 2 ,  No. 1 2 ,  1960, p p .  806-811. 

a 

of the  s l a g g i n g  s e c t i o n  was r e p o r t e d  t o  be p a r t i c u l a r l y  s a t i s f a c t o r y ,  a d  l i t t l e  
. d i f f i c u l t y  has  been r e p o r t e d  from f a i l u r e  of r e f r a c t o r i e s  o r  w i t h  removal of t h e  

s l a g .  A b a t h  of s l a g  is maintained a t  t h e  base  of t h e  g e n e r a t o r  and s l a g  i s  
tapped i n t e r m i t t e n t l y .  S a t i s f a c t o r y  removal of t h e  a s h  r e q u i r e s  t h e  a d d i t i o n  
of  a l imes tone  f l u x .  The r e a c t i o n  of l i m e s t o n e  w i t h  t h e  coke a s h  t o  g ive  a 
f r e e  f lowing  s l a g  t a k e s  p l a c e  mainly i n  t h e  s l a g  b a t h  so t h a t  good d i s t r i b u t i o n  
of t h e  l imes tone  and adequate  r e s i d e n c e  t i m e  of t h e  s l a g  b a t h  are r e q u i r e d  f o r  
s a t i s f a c t o r y  o p e r a t i o n .  The c a r r y o v e r  d u s t  i s  r e c i r c u l a t e d  and i s  i n j e c t e d  i n t o  
t h e  g a s i f i e r  i n  a s t r e a m  of t h e  g a s i f i c a t i o n  medium. F o r t y  t o  f i f t y  p e r c e n t  
g a s i f i c a t i o n  of  d u s t  i s  accomplished i n  one r e i n j e c t i o n .  T a b l e  1 shows t y p i c a l  
r e s u l t s  o b t a i n e d  i n  t h i s  g a s i f i e r .  

A t  t h e  Regional  Research Labora tory  a t  Hyderabad, I n d i a ,  i n t e r e s t  i n  
I\ g a s i f i c a t i o n  i s  c e n t e r e d  about  t h e  u s e  of c o a l s  c o n t a i n i n g  from 25 t o  35 p e r c e n t  

a s h .  A s l a g g i n g  f ixed-bed g a s i f i e r  w i t h  a c o a l  r a t e  of  30 t o  40 pounds p e r  hour  
h a s  been e r e c t e d  w i t h  a s h a f t  6 inches  i n  I . D .  and a s l a g g i n g  s e c t i o n  1 2  t o  14 
i n c h e s  i n  I.D.G/ Four water-cooled t u y e r e s  of  3 / 8  i n c h  I . D .  and 1 / 2  inch  

'4 - 11/ Some Aspects  i n  t h e  Design of G a s i f i e r .  I n d i a n  Chemical Engineer ,  J u l y  

d iameter  c e n t r a l l y  l o c a t e d  t a p h o l e  have been provided .  To d a t e  only  p r e l i m i n a r y  
experiments  have been made u s i n g  low-temperature  coke as f u e l  and b l a s t - f u r n a c e  
s l a g  as a f l u x i n g  medium. These f i r s t  exper iments  are b e i n g  d i r e c t e d  toward 
developing  a s a t i s f a c t o r y  method of s l a g  removal, and w i t h  a weight  r a t i o  of 
coke to s l a g  of 7 to  3, s a t i s f a c t o r y  o p e r a t i o n s  of from 45 minutes  to 3 hours 
have been achieved .  

Table  1.-Atmospheric p r e s s u r e  f ixed-bed  s l a g g i n g  
g a s i f i c a t i o n  u s i n g  coke \, 

" 1 

\ 

1/ Material requirements-  

Coke (87% C),  pounds 27.8 
Steam, pounds 18.9 
Oxygen (go%), cu.  f t .  240 
Steam g e n e r a t e d ,  pounds 1 0 . 8  
Superheated steam, pounds 3.8 

Gas a n a l y s i s ,  volume p e r c e n t  

6 
6 2  co 

H2 31 

co2 

N2 1 
- 1/ P e r  1,000 cu. f t .  CO +Hp 
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The Koppqrs Totzek p r o c e s s ,  which u s e s  a wide range of s o l i d  and l i q u i d  
f u e l s  a s  f e e d s t o c k ,  has  been i n s t a l l e d  i n  a number of l o c a t i o n s  throughout  t h e  
world However, no r e c e n t  developments  have been r e p o r t e d  i n  oxygen g a s i f i c a t i o n  

- 121 Osthaus,  K .  H . ,  and T .  W .  Austen.  P roduc t ion  of Gas from a Wide Range of 
S o l i d  and Liquid Feeds tocks  by t h e  Koppers Totzek P rocess .  Gas World, Vol.  
1 5 7 ,  No. 4091, Jan;12,  1963,  p p .  98-103. 

u s ing  e n t r a i n e d  p rocesses .  

Improvements have a l s o  been r e p o r t e d z ’  i n  t h e  f lu id -bed  Winkler g e n e r a t o r ,  

- 13/  F l e s c h ,  Von Wilhelm, and Gunter  V e l l i n g .  The G a s i f i c a t i o n  of Coal i n  t h e  
Winkler-Generator .  Erdol  und Kohle,  Vol. 15 ,  No. 9 ,  September 1962, pp. 
710-713: 

. -  
which i s  capab le  of g a s i f y i n g  bo th  l i g n i t i c  and bi tuminous c o a l s .  M o d i f i c a t i o n s  
have been made i n  des ign  t o  accommodate coking c o a l s ,  and improvements i n  t h e  
g e n e r a t o r  a r e  r epor t ed  to  g i v e  inc reased  economies. By f e e d i n g  a p o r t i o n  of . the 
oxygen and steam i n t o  t h e  uppe r  p a r t  of t h e  f l u i d i z e d  bed, i t  is  p o s s i b l e  t o  g e t  
h igh  ca rbon  conversions w i t h o u t  slag fo rma t ion .  

P r e s s u r e  G a s i f i c a t i o n  

For  many uses ,  s y n t h e s i s  g a s  i s  r e q u i r e d  a t  p r e s s u r e s  of 30 atmospheres  o r  
more. 
o p e r a t i n g  a t  e l e v a t e d  p r e s s u r e s ,  s i n c e  c o n s i d e r a b l e  sav ings  are  p o s s i b l e  i f  t h e  
p roduc t  gas  is t o  be used a t  t h e s e  p r e s s u r e s .  

Thus ther.e h a s  been a c o n t i n u i n g  i n t e r e s t  i n  g a s i f i c a t i o n  p rocesses  

Because o f  l i m i t a t i o n s  i n h e r e n t  i n  e n t r a i n e d  and f l u i d - b e d  p rocesses ,  t h e  
most economic method f o r  p roduc ing  s y n t h e s i s  gas  from s o l i d  f u e l s  a t  p r e s s u r e  
a p p e a r s  t o  be.f ixed-bed o p e r a t i o n  removing the  a s h  e i t h e r  d ry  o r  a s  a s l a g .  
Fixed-bed p rocesses ,  however, r e q u i r e  a s i z e d  f u e l ,  and i f  c o a l  i s  used ,  i t  must 
be noncoking o r  weakly coking.  
low throughput  pe r  u n i t  volume of  g a s i f i e r  t o  keep t h e  a s h  i n  a c o n d i t i o n  t o  be 
s u c c e s s f u l l y  handled.  The removal o f  s l a g  under p r e s s u r e ,  however, i n t r o d u c e s  
many d i f f i c u l t  o p e r a t i n g  and d e s i g n  problems f o r  which s o l u t i o n s  a r e  s t i l l  
be ing  sough t .  

D r y  ash rnmnval requires an cxccss nf s t e a m  and 

A number of Lurgi i n s t a l l a t i o n s  u s i n g  d r y  a s h  removal have been i n s t a l l e d  
i n  many c o u n t r i e s .  0pe ra . t i ng  r e s u l t s  of t h e  Wes t f i e ld  Lurg i  P l a n t  i n  S c o t l a n d ,  
which i s  t h e  most modern p l a n t  f o r  which d a t a  are  a v a i l a b l e ,  have r e c e n t l y  been 
p u b l i s h e d E /  

- 141 R i c k e t t s ,  T .  S .  

and a r e  shown i n  T a b l e  2. 

The O p e r a t i o n  of t h e  Wes t f i e ld  L u r g i  P l a n t  and High-pressure 
Gr id  System. The I n s t i t u t i o n  of  Gas Engineers .  .Coovright  P u b l i c a t i o n  633. - , . I  - 
May 1963, 2 1  p p .  

A major improvement i n  L u r g i  p l a n t  d e s i g n  h a s  been accomplished r e c e n t l y  i n  
Germany by changing from wa te r - coo led  t o  steam-cooled g r a t e s ,  u s i n g  t h e  wet steam 
f r o m  t h e  g a s i f i e r  f o r  t h i s  pu rpose ,  and by r educ ing  t h e  amount of s team t o  t h e  
g a s i f i e r .  A t  Dorsten,  t h e  steam requ i remen t  was c u t  n e a r l y  i n  h a l f ,  and t h e  
volume of  gas  produced could t h e n  by inc reased  by 70 p e r c e n t  w i t h  on ly  a 45 -pe rcen t  
i n c r e a s e  i n  oxygen consumption. 

I 

./’ 
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Tab le  2.-Operat ing r e s u l t s  of Lurg i  g a s i f i e r  a t  Wes t f i e ld  

M a t e r i a l  requirements  11 
Coal ,  pounds 
Steam, pounds 
Oxygen, cu.  f t .  

Gas a n a l y s i s ,  ( c rude ) ,  volume p e r c e n t  

55 .5  
56 .1  

238 

CQ2 24.6 
CnHm 1.1 
co 24 .6  
H2 3 9 . 8  

8 . 7  
1 . 2  

CH4 
N2 

- 1/ Per 1,000 cu. f t .  CO + H2 

Two o t h e r  improvements i n  t h e  Lurg i  p rocess  have been in t roduced  a t  Dorsten.  
I n  t h e  f i r s t ,  t h e  carbon monoxide i n  t h e  crude gas is cozve r t ed  over  a c o b a l t -  
molybdenum c a t a l y s t  (by water gas  s h i f t )  t oca r inn  d i o x i d e  b e f o r e  the  gas  is 
p u r i f i e d .  Th i s  r e s u l t s  i n  a lower c o s t  gas  s i n c e  no a d d i t i o n a l  s team must be 
added as m u s t  be done i n  conven t iona l  carbon monoxide conver s ion  where the  excess  
steam is f i r s t  removed from tile raw gas and then  addsd back b e f o r e  s h i f t  
conversion.  I n  t h e  second improvement, a i r  was added t o  che g a s i f y i n g  medium 
( t h i s  is s a t i s f a c t o r y  f o r  c e r t a i n  types  of gases  i n  town use )  and r e s u l t e d  i n  
f u r t h e r  improvement i n  p l a n t  o p e r a t i o n .  Steam decomposi t ion was increased; thus 
reducing steam requ i r emen t s ,  and because p a r t  of t h e  oxygen w a s  introduced as 
a i r ,  t h e r e  w a s  a s u b s t a n t i a l  r e d u c t i o n  i n  power r equ i r emen t s  t o  produce oxygen. 

In Germany experiments  were conducted on p r e t r e a t i n g  t h e  c o a l  i n  t h e  l o c k  
hopper of t h e  c o a l  f e e d i n g  dev ice  t o  r educe  t h e  coking c h a r a c t e r i s t i c s  of t h e  
c o a l s  so t h a t  a wider r ange  of c o a l s  could be used.  The c o a l  w a s  t r e a t e d  w i t h  
a mix tu re  of  carbon d i o x i d e ,  n i t r o g e n ,  and 1 pe rcen t  02 at ZOOo t o  2500 C f o r  
15  minutes;  however, on t h e  c o a l s  t e s t e d ,  l i t t l e  d i f f e r e n c e  was noted i n  t h e  
o p e r a t i n g  r e s u l t s .  These tes t s ,  a long  w i t h  o t h e r s ,  i n d i c a t e d  t h a t  f o r  a g iven  
c o a l ,  coking problems were more seve re  i n  t h e  smaller tes t  g e n e r a t o r s  than they  
are i n  t h e  f u l l - s c a l e  u n i t s .  Because o f  t h e  p o t e n t i a l  advan tages  of s l a g g i n g  
o p e r a t i o n ,  t h e  most r e c e n t  f ixed-bed p r e s s u r e  g a s i f i c a t i o n  expe r imen ta t ion  h a s  
used t h i s  t ype  of  a s h  removal.  Research i s  underway on t h i s  method i n  the  U.S., 
England, t h e  U.S.S.R., and Germany. 

The on ly  r e c e n t  r e p o r t  on g a s i f i c a t i o n  from t h e  S o v i e t  Union d e s c r i b e s  
tes ts  wi th  a f ixed-bed s l a g g i n g  g a s i f i e r  o p e r a t i n g  a t  5 atmospheres  u s i n g  
a n t h r a c i t e  as t h e  f u e l .  
u s i n g  up t o  50 p e r c e n t  pu lve r i zed  f u e l .  

These tests a l s o  involved r e f i r i n g  c a r r y o v e r  d u s t  and 

I n  England, r e s e a r c h  on p r e s s u r e  g a s i f i c a t i o n  u s i n g  a s l a g g i n g  f ixed-bed 
g a s i f i e r  has  been conducted by t h e  Gas Counci l  a t  t h e  Midlands Research S t a t i o n  
and by t h e  M i n i s t r y  of Power a t  t h e  B.C.U.R.A. Research S t a t i o n  a t  Leatherhead.  
T h i s  la t ter  program w a s  terminated i n  March 1962 a f t e r  demons t r a t ing  that s l a g g i n g  
o p e r a t i o n  under p r e s s u r e  could be accomplished. I n  a d d i t i o n ,  t h e s e  experiments  
i n d i c a t e d  p robab le  methods f o r  " s c a l i n g  up" through t h e  u s e  of m u l t i p l e  t u y e r e s  
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and has  shown t h e  p o t e n t i a l s  f o r  u s i n g  c o a l  r a t h e r  than coke as  a f u e l , -  

- 15/ Kasterman, S .  O . ,  and W . A . P e e t .  
Fixed Bed G a s i f i e r .  P r o c .  of t h e  J o i n t  Conf. on G a s i f i c a t i o n  ( I n s t i t u t i o n  
of Gas Engineers  and I n s t i t u t e  of Fuel), Has t ings ,  September 1962. 

The Development of a P r e s s u r i z e d  S lagg ing  

A t  t h e  Midland Research S t a t i o n ,  work is  c o n t i n u i n g  on t h e  s l a g g i n g  g a s i f i e r  
i n  a new p i l o t  p l a n t  t h a t  w a s  i n s t a l l e d  i n  1962. The g a s i f i e r  has  a 3 - foo t  
I . D . ,  o p e r a t e s  a t  p r e s s u r e s  up t o  375 p s i ,  and i s  designed t o  produce 5 m i l l i o n  
c u b i c  f e e t  p e r  day of gas .  

U n t i l  now t h e  program has  been aimed a t  t h e  development of t h e  h e a r t h ,  
s l a g  t a p ,  and s l a g  d i s c h a r g e  system. To avo id  unnecessary expe r imen ta l  
d i f f i c u l t i e s ,  graded coke has been used a s  a f u e l ,  and t h e  p l a n t  has  been 
o p e r a t e d  f o r  as long as 90 h o u r s  a t  p r e s s u r e s  of 300 p s i  and a t  3 m i l l i o n  c u b i c  
f e e t  per day throughput .  S l a g  i s  tapped i n t e r m i t t e n t l y  and i s  quenched i n  water 
a t  t h e  o p e r a t i n g  p res su re .  Experiments  on t h e  u s e  of  c o a l  as a f u e l  were s t a r t e d  
i n  l a te  November. 

HYDROGASIFICATION OF COAL 

I n t e r e s t  con t inues  on the h y d r o g a s i f i c a t i o n  of c o a l ,  which w a s  s t a r t e d  
a t  t h e  Midland Research S t a t i o n ,  b u t  expe r imen ta l  work has  been delayed 
because of t h e  p r e s e n t  emphasis inEnglard m t h e u s e  of petroleum f e e d s t o c k s .  
For t h e  type  of  gas d i s t r i b u t e d  i n  England, t h e  p rocess  s e l e c t e d l 6 1  f o r  s tudy 

- 16/ Dent,  F. J. Chemical Eng inee r ing  i n  the  P roduc t ion  of Town Gas by P r e s s u r e  
G a s i f i c a t i o n  P rocesses .  P r o c .  of t h e  J o i n t  Conf. on G a s i f i c a t i o n  ( I n s t i t u t i o n  
of Gas Engineers  and I n s t i t u t e  of F u e l ) ,  Has t ings ,  September 1962. 

i n v o l v e s  a two-stage hydrogena t ion  of c o a l  i n  f l u i d i z e d  beds a t  70 atmospheres  
p r e s s u r e .  The f i r s t  s t a g e  w i l l  o p e r a t e  a t  1,475" t o  1,560" F .  t o  hydrogenate  t h e  
v o l a t i l e  mat ter  a t  lower t e m p e r a t u r e s ,  which thermodynamically f avor  a h i g h e r  
h e a t  c o n t e n t  of  the g a s .  Char w i l l  be r ecyc led  t o  enab le  use  of a l l  types of 
coals. The second s t a g e  w i l l  o p e r a t e  a t  1,650" t o  1,740" F .  t o  t ake  advantage 
of cite ~ ~ S L C L  ~ r d i t i u n  r a t e s  ~t thc  h;gb.=r temporet12res r e q u i r e d  f o r  t h e  less 
r e a c t i v e  c h a r .  The r e s i d u e  of t h e  hydrogenat ion i s  g a s i f i e d ,  u s i n g  oxygen and 
steam i n  a f l u i d i z e d  bed. The r e s i d u e  from the g a s i f i e r  i s  used f o r  steam 
produc t ion .  

In similar r e s e a r c h  i n  A u s t r a l i a ,  tes ts  have been made on t h e  hydrogena t ion  
of brown coal i n  f l u i d i z e d  beds  a t  p r e s s u r e s  of 300 t o  600 psi and a t  t empera tu res  
between 930' and 1,740" F. E a r l y  t e s t s  u s i n g  c o c u r r e n t  f low have been r epor t ed ,= /  

- 1 7 /  Birch ,  T . J . ,  K .  R . H a l l ,  and R .  W.  Urie. G a s i f i c a t i o n  of Brown Coal w i th  
Hydrogen i n  a Cont inuous Fluidized-Bed Reac to r .  J. I n s t .  F u e l ,  Vol. 33,  
N o .  2 3 6 ,  September 1960, p p .  422-435. 

but  t h e  la tes t  des ign  u s e s  c o u n t e r c u r r e n t  f low o f  r e a c t a n t s .  
i n d i c a t e d  t h a t  t he  r e a c t i o n  o c c u r s  i n  t w o  s t a g e s  wi th  t h e  f i r s t  s t a g e  i n v o l v i n g  
a r a p i d  r e a c t i o n  of t h e  oxygen-containing f u n c t i o n a l  groups.  
i nvo lves  a much slower r e a c t i o n  o f  t h e  hydrogen wi th  condensed ca rbon  and r e q u i r e d  
a much h i g h e r  c o n c e n t r a t i o n  of hydrogen and h i g h e r  t empera tu res  t o  g e t  r easonab le  
r e a c t i o n  rates.  

The f i r s t  experiments  

The second s t a g e  

Experiments  w i th  the  c o u n t e r c u r r e n t  a p p a r a t u s  are s t i l l  underway. To t a k e  
advantage of t h e  r a p i d  hydrogena t ion  a t  low t empera tu res  d u r i n g  t h e  i n i t i a l  pe r iod  



1. 
and y e t  o b t a i n  t h e  h i g h e r  tempera tures  r e q u i r e d  f o r  t h e  second s t a g e ,  t h e  2 0 -  
f o o t  r e a c t o r  i s  d iv ided  by p e r f o r a t e d  p l a t e s  i n t o  a number o f  s e p a r a t e  f l u i d i z e d  
beds operated i s  p r o g r e s s i v e l y  changing t e m p e r a t u r e s . g ’  

- l S /  Bcnnct t ,  B .  B .  The G a s i f i c a t i o n  of La t robe  Val ley  Brown Coal .  Presented 

Secause of t h e  d i f f i c u l t i e s  
b 

a t  Coni. on G a s i f i c a t i o n  of L i g n i t e  and I n f e r i o r  F u e l s ,  Belgrade ,  Yugoslavia ,  
SeDtember 16-18, 1963. 

encountered w i t h  e x c e s s i v e  d e v o l a t i l i z a t i o n  i n  t h e  c o a l  d e l i v e r y  t u b e ,  only c h a r s  
have been used u n t i l  now f o r  extended r u n s .  Comparison of t h e s e  r e s u l t s  wi th  
those  i n  the c o c u r r e n t  a p p a r a t u s  cannot  be made as y e t  because of t h e  use  of 
char  aad o t h e r  d i f f e r e n c e s  i n  o p e r a t i n g  c o n d i t i o n s .  P r e l i m i n a r y  r e s u l t s  u s i n g  
t h i s  a p p a r a t u s  are shown i n  Table  3. 

Table  3 . -Hydrogas i f ica t ion  of La t robe  Val ley  Coal 

V o l a t i l e  m a t t e r  i n  c h a r ,  p e r c e n t  ---- 
P r e s s u r e ,  p s i  
Temperature, OF. 

E f f e c t i v e  r e a c t o r  l e n g t h ,  f e e t  
Cii4 conten t  o u t l e t ,  percent  
Char g a s i f i e d .  u e r c e n t  

4 
1 7 . 3  
50.2 

18.0 
600 
1,380 
6% 
2 7 . 2  
63.3 

SPECIAL GASIFICATIOK I’ROCESSES 

Usin:, e n t r a i n e d  g a s i f i c a t i o n  systems w i t h  f i n e  cocil, h i g h  carbon convers ions  
can only be a t t a i n e d  w i t h  h igh oxygen requi rements .  The i:un::nelxl s i n g l e - s h a f t  

- 191 Rummel, Roman. G a s i f i c a t i o n  i n  a S l a g  Bath.  Coke and Gas, Vol. 2 1 ,  No. 2 4 7 ,  
December 1959, p p .  493-501, 520. 

g e n e r a t o r  i n  which t h e  oxygen-coal and steam are i n j e c t e d  i n t o  a r o t a t i n g  s l a g  
ba th  i s  a n  a p p a r a t u s  designed t o  provide  e x t r a  r e s i d e n c e  time t o  g e t  more complete 
g a s i f i c a t i o n  a t  reduced g a s i f i e r  volumes. Other  p o t e n t i a l  advantages  a r e  i t s  
a b i l i t y  t o  use  a h igh-ash  c o a l ,  t o  o p e r a t e  w i t h  both coking  and noncoking c o a l s ,  
and t o  use  a l a r g e r  s i z e d  feed .  I f  a i r  i s  u s e d  i n  p l a c e  of oxygen, producer g a s  
can b e  manufactured. 

Another m o d i f i c a t i o n  of t h e  s l a g  b a t h  g e n e r a t o r  u s e s  a double  s h a f t  i n s t e a d  
of t h e  s i n g l e  s h a f t ,  s u b s t i t u t e s  a i r  f o r  oxygen, and s t i l l  produces a n i t r o g e n -  
f r e e  mixture  of carbon monoxide and hydrogen. The s l a g  b a t h  conta ined  i n  t h e  
bottom of a c i r c u l a r  s h a f t  i s  d i v i d e d  i n t o  s e c t i o n s  by two v e r t i c a l  d i v i d i n g  
wal l s .  On one s i d e  c o a l  and s team a r e  i n j e c t e d  i n t o  t h e  r o t a t i n g  s l a g  b a t h ,  and 
t h e  c o a l  i s  d e v o l a t i l i z e d  and p a r t l y  g a s i f i e d  by t h e  s team, u s i n g  h e a t  suppl ied  
by t h e  molten s l a g .  I n  t he  second s e c t i o n ,  t h e  ba lance  of t h e  c o a l  and some f r e s h  
f u e l  a r e  burned t o  raise t h e  tempera ture  of t h e  s l a g  and t o  o x i d i z e  t h e  s l a g  
c o n s t i t u e n t s  t h a t  were reduced i n  t h e  g a s i f i c a t i o n  s e c t i o n .  

An experimencal  prograx  on  t h e  d o u b l e - s h a f t  g e n e r a t o r  i s  b e i n g  c a r r i e d  o u t  
a t  t h e  Bromly-by-Bow Works of t h e  North Thames Gas Board t o  de te rmine  i t s  
f e a s i b i l i t y  and t o  p r e d i c t  t h e  c o s t  of making gas  i n  a f u l l  scale p l a n t .  The 
p l a n t  was designed t o  have a c a p a c i t y  of  95,000 s tandard  c u b i c  f e e t  per  hour, 
and a gas composi t ion of 3 . 9 . p e r c e n t  C02, 45.2 p e r c e n t  CO, 50.5 p e r c e n t  H2, and 
0.4 p e r c e n t  H2S ( n i t r o g e n - f r e e  b a s i s )  w a s  expected.  
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I n  i n i t i a l  t e s t s  (June 1962) c o a l  was f i r e d  i n t o  t h e  combustion s h a f t  w i t h  
t h e  s e p a r a t i n g  c u r t a i n s  a b s e n t  so  t h a t  t h e  s l a g  could f low unimpeded from one 
chamber t o  another .  The s l a g  flowed e a s i l y  a t  2 f e e t  per  second w i t h  a mass 
f low of about  200 t o n s  per  h o u r .  I n  subsequent  tes ts  c o a l  was in t roduced  i n t o  
t h e  g a s i f i c a t i o n  chamber b u t  t h e  seal between t h e  two chambers was n o t  used 
because even i n  i ts  absence i n s u f f i c i e n t  h e a t  was t r a n s f e r r e d  t o  t h e  s l a g  by 
t h e  combustion of c o a l .  In a d d i t i o n ,  t h e  p o i n t s  of admission of t h e  steam and 
c o a l  i n  t h e  g a s i f i c a t i o n  chamber were such t h a t  c o n t a c t  between t h e  r e a c t a n t s  
w a s  poor .  

A f t e r  s u i t a b l e  m o d i f i c a t i o n s ,  t h e  h e a t  t r a n s f e r  t o  s l a g  w a s  increased  by 
r a i s i n g  t h e  b l a s t  p r e s s u r e  f rom 18 t o  100 inches  of wa te r  gauge, and t h e  s l a g  
c i r c u l a t i o n  r a t e  w a s  i n c r e a s e d  t o  500 t o n s  per  hour .  B e t t e r  c o n t a c t  between 
t h e  c o a l  and steam was o b t a i n e d  by a d m i t t i n g  t h e s e  r e a c t a n t s  t o  t h e  g a s i f i c a t i o n  
chamber i n  a s i n g l e  t u y e r e  submerged below t h e  s l a g  s u r f a c e .  A f t e r  t h e  s e a l  
between the two chambers was p u t  i n t o  p l a c e ,  a g a s  o u t p u t  of 40,000 s t a n d a r d  
c u b i c  f e e t  p e r  hour was o b t a i n e d .  Gas composi t ion was: 

P e r c e n t  

co2 
co 

8 . 5  
23.0 
45.0 

0 . 3  
2 . 5  
0 . 5  

20.2 

O v e r a l l  e f f i c i e n c y  w a s  20 p e r c e n t  ( h e a t i n g  v a l u e  of gas  d i v i d e d  by t h e  

Improvements i n  t h e  t u y e r e s  a r e  being 
h e a t i n g  v a l u e  of c o a l  consumed), a l t h o u g h  t h e  co r re spond ing  e f f i c i e n c y  c o n s i d e r -  
i n g  only  process  c o a l  was 69 p e r c e n t .  
made t h a t  a r e  expected t o  i n c r e a s e  t h e  e f f i c i e n c y  t o  30 t o  35 p e r c e n t .  

, ' 

An economic a p p r a i s a l  of t h e  p r o c e s s  i s  now underway and i f  it can be shown 
t o  be economically a t t r a c t i v e ,  i t  5U-tO bU-percent e f f i c i e n c y  can be  a c n i e v e a ,  
a n  a t t e m p t  w i l l  be made to  demons t r a t e  t h a t  such an e f f i c i e n c y . c a n  be obta ined  
by r e d e s i g n  of  the g a s i f i e r .  

SUMMARY 

Although improvements have been made i n  many of t h e  c o a l  g a s i f i c a t i o n  
p r o c e s s e s  t h a t  have been developed ,  t h e  compe t i t i on  from new d i s c o v e r i e s  of 
n a t u r a l  gas  and from oil g a s i f i c a t i o n  p r o c e s s e s  makes t h e i r  widespread a p p l i c a t i o n  
d i f f i c u l t  t o  a t t a i n  both i n  t h e  U.S.  and abroad .  
however, i s  being c a r r i e d  o u t  on t h e  most promising p r o c e s s e s ,  and a d d i t i o n a l  
r e d u c t i o n s  i n  the  c o s t  of manufactur ing a s u i t a b l e  gas  f o r  d i s t r i b u t i o n  can b e  
expec ted .  
a p p l i c a t i o n  t o  U.S. c o n d i t i o n s ,  because a lower h e a t i n g  v a l u e  gas  i s  being 
s o u g h t ,  t h e r e  i s  some d i f f e r e n c e  i n  emphasis between f o r e i g n  and U.S. programs. 
Of s p e c i a l  i n t e r e s t  a t  p r e s e n t  a r e  t h e  expe r imen ta l  p r o j e c t s  on s l a g g i n g  f i x e d -  
bed p r e s s u r e '  g a s i f i c a t i o n  and t h e  d i r e c t  h y d r o g a s i f i c a t i o n  of c o a l  t o  a h i g h e r  
h e a t i n g  v a l u e  gas .  

Continued exper imenta t ion ,  

While many of t h e  f o r e i g n  r e s e a r c h  programs i n  t h i s  f i e l d  have d i r e c t  

I 


